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A sequence group number and/or a sequence number of the reference signal is
obtained according to at least one of the following information: the number N of
time domain symbols included in a time unit in which the reference signal is
located; a positive integer M; index information of time domain symbols in
which the reference signal is located among the N time domain symbols
included in the time unit; index information of the time domain symbol in which
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METHOD AND APPARATUS FOR
TRANSMITTING A REFERENCE SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority under 35
U.S.C. § 120 as a continuation of U.S. patent application Ser.
No. 16/525,250, filed on Jul. 29, 2019, which is a continu-
ation of PCT Patent Application No. PCT/CN2018/120401
filed on Dec. 11, 2018, which claims the priority of Chinese
patent application No. 201711311872.X filed on Dec. 11,
2017, the disclosure of each of which is hereby incorporated
by reference in its entirety.

TECHNICAL FIELD

The present disclosure relates to the field of communica-
tion technologies, for example, to a method and apparatus
for transmitting a reference signal.

BACKGROUND

In the existing art, in the long term evolution (LTE)
system, a channel sounding reference signal (SRS), as an
uplink reference signal occupies one time domain symbol
(may occupy more than one time domain symbol merely in
a special uplink subframe or in a special uplink pilot time
slot (UpPTY)) in a slot. The Zadoft Chu (ZC) sequence with
better correlation performance is used for the SRS, and an
acquisition parameter of a sequence group number u of the
ZC sequence includes the subframe serial number, so that
the sequence group number u changes with the subframe to
achieve interference randomization.

Unlike in LTE, in the new radio (NR) system, an SRS
resource may occupy more than one time domain symbol in
a slot, so that an improvement solution considering a change
of the sequence group number of the ZC sequence is needed
so as to obtain a better interference randomization effect.

There is no effective solution to the problem, in the
existing art, that the manner of determining the reference
signal is not applicable to the new wireless system in which
the sequence group number and/or the sequence number
changes.

SUMMARY

The present disclosure provides a method and apparatus
for transmitting a reference signal to at least solve the
problem, in the existing art, that the manner of determining
the reference signal is not applicable to the new wireless
system in which the sequence group number and/or the
sequence number changes. The requirements for the new
wireless system in which the sequence group number and/or
the sequence number changes can be met and thereby the
interference between uplink measurement reference signals
of cells is reduced.

The present disclosure provides a method for transmitting
a reference signal. The method includes: obtaining a
sequence group number and/or a sequence number of a
reference signal according to at least one of following pieces
of information: the number N of time domain symbols
included in a time unit in which the reference signal is
located; a positive integer M; index information of time
domain symbols in which the reference signal is located
among N time domain symbols included in one time unit;
index information of the time domain symbol in which the
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reference signal is located among M preset time domain
symbols; a frame number of a frame in which the reference
signal is located; the number B of time units included in the
frame in which the reference signal is located; or a time unit
index obtained according to a subcarrier spacing of a band-
width part (BWP) in which the reference signal is located;
determining the reference signal according to the
sequence group number and/or the sequence number;

and transmitting the reference signal.

M satisfies a following condition: M is less than or equal
to N, and is greater than or equal to A. A is the maximum
number of time domain symbols allowed to be occupied by
the reference signal in one time unit, or A is the number of
time domain symbols occupied by the reference signal in
one time unit.

The present disclosure further provides a method for
transmitting a reference signal. The method includes: per-
forming, according to signaling information or a pre-agreed
rule, at least one of following operations: selecting a param-
eter set from a plurality of parameter sets, or selecting a
formula from a plurality of formulas; determining, accord-
ing to the selected parameter set and/or the selected formula,
a sequence group number and/or a sequence number; deter-
mining a reference signal according to the sequence group
number and/or the sequence number; and transmitting the
reference signal.

The present disclosure further provides a method for
sending signaling. The method includes: sending signaling
information to a second communication node. The signaling
information is used for instructing the second communica-
tion node to perform at least one of following operations:
selecting a first parameter set from at least one parameter set,
or selecting a first formula from at least one formula; and
determining a reference signal according to the first param-
eter and/or the first formula.

The present disclosure further provides a method for
transmitting a reference signal. The method includes: deter-
mining, according to signaling information or an agreed
rule, a manner of obtaining a parameter for generating at
least one of a sequence group number or a sequence number;
determining the parameter according to the obtaining man-
ner; generating the sequence group number and/or the
sequence number according to the parameter; determining
the reference signal according to the sequence group number
and/or the sequence number; and transmitting the reference
signal.

The present disclosure further provides an apparatus for
transmitting a reference signal. The apparatus includes: a
first obtaining module, which is configured to obtain a
sequence group number and/or a sequence number of a
reference signal according to at least one of following pieces
of information: the number N of time domain symbols
included in a time unit in which the reference signal is
located; a positive integer M; index information of time
domain symbols in which the reference signal is located
among N time domain symbols included in one time unit;
index information of the time domain symbol in which the
reference signal is located among M preset time domain
symbols; a frame number of a frame in which the reference
signal is located; the number B of time units included in the
frame in which the reference signal is located; or a time unit
index obtained according to a subcarrier spacing of a band-
width part (BWP) in which the reference signal is located;

a first determination module, which is configured to
determine the reference signal according to the sequence
group number and/or the sequence number; and
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a first transmission module, which is configured to trans-
mit the reference signal.

M satisfies a following condition: M is less than or equal
to N, and is greater than or equal to A. A is the maximum
number of time domain symbols allowed to be occupied by
the reference signal in one time unit, or A is the number of
time domain symbols occupied by the reference signal in
one time unit.

The present disclosure further provides an apparatus for
transmitting a reference signal. The apparatus includes: a
performing module, which is configured to perform, accord-
ing to signaling information or a pre-agreed rule, at least one
of following operations: selecting a parameter set from a
plurality of parameter sets, or selecting a formula from a
plurality of formulas; a second determination module, which
is configured to determine, according to the selected param-
eter set and/or the selected formula, a sequence group
number and/or a sequence number; a third determination
module, which is configured to determine the reference
signal according to the sequence group number and/or the
sequence number; and a second transmission module, which
is configured to transmit the reference signal.

The present disclosure further provides an apparatus for
transmitting a reference signal. The apparatus includes: a
fourth determination module, which is configured to deter-
mine, according to signaling information or an agreed rule,
a manner of obtaining a parameter for generating a sequence
group number and/or a sequence number; a fifth determi-
nation module, which is configured to determine the param-
eter according to the obtaining manner; a first generation
module, which is configured to generate the sequence group
number and/or the sequence number according to the param-
eter; a sixth determination module, which is configured to
determine the reference signal according to the sequence
group number and/or the sequence number; and a third
transmission module, which is configured to transmit the
reference signal.

The present disclosure further provides a storage medium.
The storage medium includes stored programs which, when
executed, perform any method described above.

The present disclosure further provides a processor. The
processor is configured to execute programs which, when
executed, perform any method described above.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic flowchart of a method for transmit-
ting a reference signal according to an embodiment;

FIG. 2 is a schematic diagram of a time domain symbol
position occupied by an SRS resource 1 in a slot according
to an embodiment;

FIG. 3 is a schematic diagram of a time domain symbol
position occupied by an SRS resource 2 in a slot according
to the embodiment;

FIG. 4 is a schematic diagram of a time domain symbol
position occupied by an SRS resource 3 in a slot according
to the embodiment;

FIG. 5 is a schematic diagram of a time domain symbol
position occupied by an SRS resource 4 in a slot according
to the embodiment;

FIG. 6 is a schematic diagram of a frame including 40
slots according to an embodiment; and

FIG. 7 is a schematic diagram of different BWPs corre-
sponding to different slot serial numbers according to an
embodiment.

DETAILED DESCRIPTION

Embodiments of the present disclosure provide a mobile
communication network (which includes, but is not limited
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to the fifth-generation (5G) mobile communication net-
work). The network architecture of the network may include
a network side device (such as a base station) and a terminal.

The embodiments provide an information transmission
method executable on the network architecture described
above. The operating environment of the above-described
method for transmitting a reference signal provided in the
embodiments is not limited to the above network architec-
ture.

The method provided in the embodiments of the present
disclosure may be performed by the terminal or the base
station side. Both the terminal and the base station side may
perform the method provided in the present disclosure.

A time unit described in the present disclosure is a slot, or
a subframe, or a time domain symbol of a first subcarrier
spacing. The time domain symbol of the first subcarrier
spacing includes Q second subcarrier time domain symbols.
Q is a positive integer greater than or equal to 1. Another
time unit may also be provided as the time unit.

Embodiment One

An embodiment of the present disclosure provides a
method for transmitting a reference signal.

Referring to FIG. 1, the method provided by the embodi-
ment includes steps 110, 120 and 130.

In the step 110, a sequence group number and/or a
sequence number of the reference signal is obtained accord-
ing to at least one of following pieces of information: the
number N of time domain symbols included in a time unit
in which the reference signal is located; a positive integer M;
index information of time domain symbols in which the
reference signal is located among N time domain symbols
included in one time unit; index information of the time
domain symbol in which the reference signal is located
among M preset time domain symbols; a frame number of
a frame in which the reference signal is located; the number
B of time units included in the frame in which the reference
signal is located; or a time unit index obtained according to
a subcarrier spacing of a BWP in which the reference signal
is located.

In the embodiment, M satisfies the following condition:
M is less than or equal to N, and is greater than or equal to
A. A is the maximum number of time domain symbols
allowed to be occupied by the reference signal in one time
unit, or A is the number of time domain symbols occupied
by the reference signal in one time unit. In the embodiment,
when the reference signal is a measurement reference signal,
the reference signal refers to a measurement reference signal
resource, such as an SRS resource.

In the step 120, the reference signal is determined accord-
ing to the sequence group number and/or the sequence
number.

In the step 130, the reference signal is transmitted.

In the embodiment, transmitting the reference signal may
include sending or receiving the reference signal.

In the embodiment, the execution order of the step 110,
the step 120, and the step 130 may be interchangeable, that
is, the order of the step 110, the step 120, and the step 130
is not limited.

Through the above steps, the sequence group number
and/or the sequence number of the reference signal is
obtained according to at least one of the recorded informa-
tion in the embodiment: the reference signal is determined
according to the sequence group number and/or the
sequence number; and the reference signal is transmitted.
Thus, the problem, in the existing art, that the manner of
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determining the reference signal is not applicable to the new
wireless system in which the sequence group number and/or
the sequence number changes is solved, a manner of deter-
mining the reference signal and that is applicable to the new
wireless system is provided, and requirements for the new
wireless system in which the sequence group number and/or
the sequence number changes can be met.

In an embodiment, M is determined according to one of
following pieces of information: the number of time domain
symbols included in a time domain symbol set allowed to be
occupied by the reference signal in one time unit; the
maximum value of the number of time domain symbols
occupied by the reference signal in one time unit; or a
distance between a time domain symbol having the largest
index and a time domain symbol having the smallest index
in the time domain symbol set allowed to be occupied by the
reference signal in one time unit. The index is an index of a
time domain symbol in the time domain symbol set included
in the time unit.

In an embodiment, N and/or M are determined in one of
the following manners: N and/or M are carried in received
signaling information; or N and/or M are pre-agreed.

In an embodiment, the step of determining the reference
signal according to the sequence group number and/or the
sequence number includes determining the reference signal
through the following manner:

wmod 2
e )

HED () = ol Fu(m), 0= n < MES — 1.

Where u is the sequence group number, ru)v(o"s) is the
reference signal, My~ is a length of the reference signal, &
is the total number of comb levels of an interleaved fre-
quency division multiple access (IFDMA) or  is 0, and ®
belongs to {0, 1}. In condition that M * is greater than a
predetermined threshold:

Fuyv(n):xq(n mod NZRCS), n=0,1,... ,Mfg— 1;
_ mgm(m+1)
TTNRS RS
xXq(m)=e  ,m=0,1,... ,N> -1,

g=lg+1/2]+vx(-D";and 7= NF¥(u+1)/31.

v is the sequence number and belongs to {0,1}, 0<o<2x, and
N, is a largest prime number less than M4*®. In condi-
tion that Mg %5 is less than or equal to the predetermined
threshold, fu)v(n)ze"‘P(”)“m, n=0, 1, ..., Mg *-1. Where
®(n) is obtained by searching a preset table according to the
sequence group number u, and v is 0.

In the embodiment, for the total number of comb levels of
the IFDMA, for example, the reference signal occupies one
RE per b resource elements (REs) in the orthogonal fre-
quency division multiplexing (OFDM), then the total num-
ber of comb levels is b.

In an embodiment, index information of time domain
symbols in which the reference signal is located in a time
domain symbol set included in one time unit is sequentially
increased from back to front in chronological order. The
indexes may be numbered from the end position, similar to
numbering in reverse order.

In an embodiment, the sequence group number of the
reference signal is obtained through the following manner:
the sequence group mumber u=(f,,(x)+f,)mod C; or the
sequence group number u is obtained according to f,,(x).
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Where f,,(x) is a function with respect to x, x includes at
least one of the information, C is the total number of
sequence groups, and f is obtained according to an agreed
rule and/or a parameter included in received signaling
information.

In the embodiment, the at least one of the information
included in x is relevant information used for determining
the sequence number in the step one.

In an embodiment, fgh(x)z(E,:OD_lC(D*h(x)+i)*2i)m0d
C.

Where h(x) is a function with respect to x. X includes at
least one of the information, and/or x includes a time unit
index of the time unit in one frame. D is an integer greater
than or equal to 8, c(z) is the z-th value in a sequence

generated by a random sequence function c(), and z is a
non-negative integer.

In the embodiment, the at least one of the information
included in x is relevant information used for determining
the sequence group number in the step one. X may further
include a time unit index of the time unit in which the
reference signal is located in one frame.

In an embodiment, at least one of the following charac-
teristics is satisfied: D is carried in the received signaling

information; ¢ () is a pseudo-random random sequence gen-
eration function; in condition that a value of C is greater than
30, D is greater than §;

D= log, (O)] + [bgz(iﬂ -1
x1
D =[log,(C)] = 1; when x; > 0, D = [log, (C)] + [logz(iﬂ -1;
or when x,=0, DZl—logz(Cﬂ—l.

In an embodiment, h(x) satisfies one of the following
formulas: h(l,, M, n)=1,+n*M; h(l,, M, n,, ny=l,+n *M+
B*nM; h(l,, N, n))=L+n*N; and h(l,, N, n,, n)=l,+n *N+
B*n#*N.

Where 1, is index information of time domain symbols in
which the reference signal is located in a set including M
preset time domain symbols, 0<1,<M, 1, is index information
of the time domain symbol in which the reference signal is
located among N time domain symbols included in one time
unit, 0<1,<N, and n'=n.or n'=nmod(E). Where nfis a frame
number of a frame in which the reference signal is located,
E is a predetermined value, and n, is a time unit index
obtained according to a subcarrier spacing of a BWP in
which the reference signal is located or n, is an index of a
time unit in which the reference signal is located in one
frame.

In an embodiment, the reference signal includes at least
one of: a measurement reference signal, a demodulation
reference signal, or a control channel frequency domain
spreading sequence.

In an embodiment, the step of obtaining the sequence
number according to the information includes: in a case of
sequence hopping, the sequence number v satisfies v=c(z,).
Where z, is obtained according to at least one of the
information; c(z) is the z-th value in a sequence generated by

a random sequence function ¢ (), and z is a non-negative
integer.

In an embodiment, z, is obtained according to one of the
following formulas: z,=n*N+1,; z;=n*M+,; z,=n *N+1,+
B*N*n's; or z;=n,*M+;+B*M*n'.
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1, is the index information of the time domain symbol in
which the reference signal is located in the set including the
M preset time domain symbols, 0<1,<M, 1, is the index
information of the time domain symbol in which the refer-
ence signal is located among the N time domain symbols
includeq in one time unit, 0<1,<N, and n'fznf.or n'f.znjmod
(E). n, is the frame number of the frame in which the
reference signal is located, E is the predetermined value, and
n, is the time unit index obtained according to the subcarrier
spacing of the BWP in which the reference signal is located
or n, is the index of the time unit in which the reference
signal is located in one frame.

Another embodiment of the present disclosure further
provides a method for transmitting a reference signal. The
method includes steps described below.

In a step 1, at least one of the following operations:
selecting a parameter set from a plurality of parameter sets
or selecting a formula from a plurality of formulas is
performed according to signaling information or a pre-
agreed rule.

In a step 2, a sequence group number and/or a sequence
number are determined according to the selected parameter
set and/or the selected formula.

In a step 3, the reference signal is determined according
to the sequence group number and/or the sequence number.

In a step 4, the reference signal is transmitted. Transmis-
sion includes sending or reception.

In an embodiment, the execution order of the step 1, the
step 2, the step 3, and the step 4 may be interchangeable, that
is, the order of the step 1, the step 2, the step 3, and the step
4 is not limited in implementation of the solution.

With the above solution, the problem, in the existing art,
that the manner of determining the reference signal is not
applicable to the new radio system in which the sequence
group number and/or the sequence number changes is
solved, a manner of determining the reference signal and
that is applicable to the new wireless system is provided, and
requirements for the new wireless system the sequence
group number and/or the sequence number changes can be
met.

In an embodiment, the plurality of parameter sets at least
includes a first parameter set and a second parameter set.

In an embodiment, the first parameter set at least includes
one of the following parameters: the number L of time
domain symbols occupied by the reference signal in one
time unit, index information of time domain symbols occu-
pied by the reference signal among the L time domain
symbols, or a time unit index obtained according to a
subcarrier spacing of a BWP in which the reference signal is
located.

The second parameter set at least includes one of the
following parameters: the number N of time domain sym-
bols included in a time unit in which the reference signal is
located; a positive integer M; index information of time
domain symbols in which the reference signal is located in
one time unit; index information of the time domain symbol
in which the reference signal is located among M preset time
domain symbols; a frame number of a frame in which the
reference signal is located; a number B of time units
included in the frame in which the reference signal is
located; or a time unit index obtained according to a sub-
carrier spacing of a BWP in which the reference signal is
located.

In the embodiment, the above parameter set at least
includes one parameter.

In an embodiment, the plurality of parameter sets at least
includes a third parameter set and a fourth parameter set. The
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third parameter set includes time domain symbol index
information, and the fourth parameter set does not include
the time domain symbol index information.

In an embodiment, N and/or M are determined according
to one of the following manners: N and/or M are carried in
received signaling information; or N and/or M are pre-
agreed.

In an embodiment, the step of determining the reference
signal according to the sequence group number and/or the
sequence number includes determining the reference signal
in the following manner:

Jofns 6290 2)

R e Fun(), 0 = n < MBS — 1.

Where u is the sequence group number, ru)v(o"s) is the
reference signal, MSCRSru)v(O"B) is a length of the reference
signal, 8 is the total number of comb levels of an [IFDMA or
v is 0, and ® belongs to {0, 1}. In condition that Mg®® is

greater than a predetermined threshold:

Tuy(n) = xq(n mod NZRCS), n=0,1,..., Mfg -1
_ mgm(m+1)
TTNRS RS

Xq(m) =e 2 ,m=0,1,... ,N; -1;

g=1g+1/2]+vx (D" and 7= NS (u+1)/31.

v is the sequence number and belongs to {0,1}, 0<a<2x, and
N, f%0<0a<2rx is a largest prime less than Mg "N, %%, In
condition that Mg -%5 is less than or equal to the predeter-
mined threshold, r,, (n)=e"*"?™* n=0,1, ..., Ms.**~1, ¢(n)
is obtained by searching a preset table according to the
sequence group number u, and v is 0.

In an embodiment, the sequence group number of the
reference signal is obtained in the following manner: the
sequence group number u=(f,,(x)}tf,)mod C; or the
sequence group number u is obtained according to f,,(x).

wherein f,,(x) is a function with respect to x, x comprises
at least one of the information, C is a total number of
sequence groups, and f,_ is obtained according to an agreed
rule and/or a parameter included in received signaling
information.

In an embodiment, fgh(X)=(EI:OD_1C(D*h(X)+i)*2i) mod
C.

Where h(x) is a function with respect to x. X includes at
least one of the information, and/or x includes an index of
the time unit in one frame. D is an integer greater than or
equal to 8, c(z) is a z-th value in a sequence generated by a

random sequence function ¢, and z is a non-negative
integer.

In an embodiment, at least one of the following charac-
teristics is satisfied in the above-mentioned embodiment. D

is carried in the received signaling information; c() is a
pseudo-random random sequence generation function. In
condition that a value of C is greater than 30, D is greater
than §;

D = Jlog,(O)] + [logz(g]] —1; D = [log,(C)] - 1; when x; > 0,

D = Jlog,(O)] + [logz(iﬂ —1;when x; =0, D = [log,(C)] - 1.
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In an embodiment, h(x) satisfies one of the following
formulas: h(l;, M, n)=1,+n*M; h(l;, M, n,, n)=1,+n*M+
B*n*M; h(l,, N, n)=l,+n *N; and h(l,, N, n,, n)=l,+n *N+
B*n*N.

Where 1, is the index information of the time domain
symbol in which the reference signal is located in the set
including the M preset time domain symbols, 1, is the index
information of the time domain symbol in which the refer-
ence signal is located among the N time domain symbols
included in one time unit, and n'=n,or n' =nmod(E). n,is the
frame number of the frame in which the reference signal is
located, E is the predetermined value, and n, is the time unit
index obtained according to the subcarrier spacing of the
BWP in which the reference signal is located or n, is the
index of the time unit in which the reference signal is located
in one frame.

In an embodiment, the formula is used for describing the
hopping rules of the sequence group number and/or the
sequence number.

In an embodiment, a hopping formula of the sequence
group number includes at least one of: h(l,, L, n)=l,+n_*L;
hly, M, n)=1,+n,*M; h(l,, M, n,, n)=l,+n *M+B*n *M;
h(,, N, ps):12+nS*N; and h(l,, N, n, n):12+nS*N+B*I}f*N.
A hopping formula of the sequence number v satisfies
v=c(z,). 7, is obtained according to one of following for-
mulas: z,=n,*N+l,; z,=n*M+l;; z,=n *N+L,+B*N*n'; or
z,=n,*M+1, +B*M*n',

Where 1, is index information of time domain symbols in
which the reference signal is located in a set including M
preset time domain symbols, 1, is index information of the
time domain symbol in which the reference signal is located
among N time domain symbols included in one time unit,
gnd n'.f:nf or n'f:nfmod(.E). nfis a frame gumber ofa frgme
in which the reference signal is located, E is a predetermined
value, B is the number of time units included in the frame
in which the reference signal is located, and n, is a time unit
index obtained according to a subcarrier spacing of a BWP
in which the reference signal is located or n, is an index of
a time unit in which the reference signal is located in one
frame.

The sequence group number u satisfies u=(f,,(x)+{,,)mod
C, L,x0)=E 0 ~Le(D*h(x)+i)*2)mod C, f,,(x) is a func-
tion with respect to X, X includes at least one of the
information, and c is the total number of sequence groups.
D is an integer greater than or equal to 8. c(z) is the z-th
value in a random sequence generated by a random sequence
function ¢( ), and z is a non-negative integer. h(x) is a
function with respect to x, and x includes at least one of the
information, and/or x includes an index of the time unit in
the frame.

In an embodiment, the step of obtaining the sequence
number according to the parameter includes: in a case of
sequence hopping, the sequence number v satisfies v=c(z,).
z, is obtained according to the parameter; c(z) is the z-th
value in a sequence generated by a random sequence func-
tion ¢( ), and z is a non-negative integer.

In an embodiment, z, is obtained according to one of the
following formulas: z,=n_*N+l,; z,=n *M+],; z,=n *N+1,+
B*N*n'; or z,=n *M+l,+B*M*n'.

1, is index information of time domain symbols in which
the reference signal is located in a set including M preset
time domain symbols, 0<l,<M, 1, is index information of the
time domain symbol in which the reference signal is located
among N time domain symbols included in one time unit,
0=1,<N, e}nd n'f:nf or n'f:nfmod(E). nfis. a frame numl?er of
a frame in which the reference signal is located, E is the
predetermined value, and n, is a time unit index obtained
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according to a subcarrier spacing of a BWP in which the
reference signal is located or n; is an index of a time unit in
which the reference signal is located in one frame.

Another embodiment of the present disclosure further
provides a method for sending signaling. The method may,
and may not necessarily, be applied to a base station side.
The method includes the steps described below.

In a step 1, signaling information is sent to a second
communication node. The signaling information is used for
instructing the second communication node to perform at
least one of the following operations: selecting a first
parameter set from at least one parameter set, or selecting a
first formula from at least one formula; and determining a
reference signal according to the first parameter and/or the
first formula.

Another embodiment of the present disclosure further
provides a method for transmitting a reference signal. The
method includes steps described below.

In a step 1, a manner of obtaining a parameter for
generating a sequence group number and/or a sequence
number is determined according to signaling information or
an agreed rule.

In a step 2, the parameter is determined according to the
obtaining manner.

In a step 3, the sequence group number and/or the
sequence number are generated according to the parameter.

In a step 4, the reference signal is determined according
to the sequence group number and/or the sequence number.

In a step 5, the reference signal is transmitted. Transmis-
sion may include sending or receiving the reference signal.

In an embodiment, the execution order of the step 1, the
step 2, the step 3, the step 4 or the step 5 is interchangeable,
that is, the order of the step 1, the step 2, the step 3, the step
4 and the step 5 is not limited in implementation of the
solution.

With the above solution, the problem, in the existing art,
that the manner of determining the reference signal is not
applicable to the change of the sequence group number
and/or the sequence number in the new wireless system is
solved, a manner of determining the reference signal and
that is applicable to the new wireless system is provided, and
requirements of the change of the sequence group number
and/or the sequence number in the new wireless system can
be met.

In an embodiment, the parameter for determining the
sequence group number and/or the sequence number
includes at least one of: a time domain symbol index or the
number of time domain symbols.

In an embodiment, a manner of obtaining the time domain
symbol index at least includes two of the following obtain-
ing manners. The time domain symbol index is an index of
a time domain symbol in which the reference signal is
located among L time domain symbols. L is the number of
time domain symbols occupied by the reference signal in
one time unit.

The time domain symbol index is an index of a time
domain symbol in which the reference signal is located
among N time domain symbols. N is the number of time
domain symbols included in a time unit in which the
reference signal is located.

The time domain symbol index is an index of a time
domain symbol in which the reference signal is located
among M time domain symbols. M is the number of time
domain symbols included in a time domain symbol set
allowed to be occupied by the reference signal in one time
unit.
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In an embodiment, a manner of obtaining the number of
time domain symbols at least includes two of the following
obtaining manners.

The number of time domain symbols is the number of
time domain symbols occupied by the reference signal in
one time unit. In the embodiment, when the reference signal
is a measurement reference signal, the reference signal refers
to a reference signal resource.

The number of time domain symbols is the number of
time domain symbols included in a time unit in which the
reference signal is located.

The number of time domain symbols is the number of
time domain symbols included in a time domain symbol set
allowed to be occupied by the reference signal in one time
unit.

Description will be made below in conjunction with the
exemplary embodiments.

Exemplary Embodiment One

In the embodiment, a Zadoff-Chu (ZC) sequence is used
for the uplink sounding reference signal (SRS) when the
length of the SRS is greater than a predetermined threshold,
and a predetermined sequence is used when the sequence
length of the SRS is less than or equal to the predetermined
threshold.

In the embodiment, in LTE, the SRS reference signal
r, )v(o"s)(n) is obtained by the following formula:

u.

@mod 2

HED () = o=

)n,v(n), O0<n< MRS

M, S=mN "*5/2° is the sequence length of the SRS, m is
the number of physical resource blocks (PRBs) occupied by
the SRS, 6 is the total number of comb levels in the IFDMA
manner, 0l is a cyclic shift parameter, and ® belongs to {0,1}
or is fixed as 0.

When the sequence length My * of the SRS is greater
than 2NV (N4*2 is the number of subcarriers included in
a PRB, for example, in LTE and NR, N is 12),

Py (1) :xq(n mod NZ‘ES), n=0,1,..., Mfg -1,
_ mgm(m+1)
T NRS RS
xXq(m)=e  ,m=0,1,... ,N> -1,

g=lg+1/2]+vx (=D and g = N¥@+1) /31

v is the sequence number and belongs to {0,1}, 0<a<2x, and
N, 79 is thelargest prime less than M *%. In an embodi-
ment, when the number of PRBs occupied by the SRS is less
than 6, v is 0. When the number of PRBs occupied by the
SRS is greater than or equal to 6, v may be 0 or 1.

When the sequence length Mg~ of the SRS is less than
or equal to 2N, 1, (n)=e/*™™4, n=0,1, . . . , Mg"—1.

®(n) is obtained by searching a preset table according to
the sequence group number u.
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u is the sequence group number and is obtained by the
following formula.

@®
@

u = (fgn(ns) + fis)mod 30.

Jan(ng) =
0 If grouping number hopping is disabled

7
[Z(Sns +i)*21]mod 30 If grouping number hopping is disabled
7=0

c(z) is the z-th value in the Pseudo-random random
sequence. Once an initialization value is given, a random
sequence can be generated. The initialization value in the
sequence generation is

e = |12
init — 30 >

fos=n;5,"*mod30, and n,,," is a parameter configured by the
higher-layer or a physical cell identification number.

A length-31 Pseudo-random random sequence is gener-
ated in the following manner.

c()=(x (N )+x,(n+N))mod2
2p(nH3D)=(x,(n+3)+x (n))mod2

Ao(n3 D=(xo (3 )+ (25, (4 Dxo(n))mod 2

n=0,1, . . . , Mpy-1, N=1600, x,(0)=1, x,(n)=0,
n=1, 2, ..., 30, c;,, =X, x,(1)-2".

It may be seen from formula (2) that when the sequence
group number hopping is enabled, the acquisition informa-
tion of the sequence group number includes the subframe
serial number n,. One SRS resource in the NR may include
more than one time domain symbol in one slot. Thereby, the
acquisition of the above sequence group number may be
improved. The sequence group number and/or the sequence
number are obtained according to at least one of following
pieces of information. The information is the number N of
time domain symbols included in a time unit; a positive
integer M; index information of time domain symbols in
which the reference signal is located among N time domain
symbols included in one time unit; index information of the
time domain symbol in which the reference signal is located
among M preset time domain symbols; a frame number of
a frame in which the reference signal is located; or the
number B of time units included in one frame. M is a
positive integer less than or equal to N and is greater than or
equal to A. A is the maximum number of time domain
symbols allowed to be occupied by the reference signal in
one time unit, or A is the number of time domain symbols
occupied by the reference signal in one time unit.

For example, the number of time domain symbols that an
SRS resource may occupy in a slotis {1, 2, 4}. FIG. 3 is a
schematic diagram of a time domain symbol position occu-
pied by an SRS resource? in a slot according to an embodi-
ment. As shown in FIG. 3, the SRS resource 2 occupies two
time domain symbols in one slot. A is 2, and then A is the
number of time domain symbols occupied by the SRS
resource2 in one slot. Or A is 4, and then A is the maximum
number of time domain symbols allowed to be occupied by
the SRS in one slot.
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In an embodiment, the sequence number is obtained by
using the following formula.

0 If grouping number hopping is disabled

7
fgh(nS)_I[Zc(Sh()+i)*2’]mod 30 If grouping number hopping is disabled

=0

Or when group hopping is enabled, f,,(x)=(Z_,"'c
(D*h( Hi)*2Ymod C. C is the total number of sequence
groups, and D satisfies at least one of the following four
characteristics.

Characteristic 1: in condition that a value of C is greater
than 30, D is greater than 8.

Characteristic 2:

D = [log,(C)] + [logz( ﬂ -1.

c
X1

Characteristic 3:

D = [log,(O)] - 1.

Characteristic 4:

when x; > 0, D = [log,(C)] + [logz(iﬂ -1;
X1

and when x; =0, D = [log,(C)] - 1.

Where x; = 2leg2(O1 _ .

h( ) is a function and may be one of the following
formulas, or h( ) in the manner of obtaining the sequence
number is indicated through signaling to be a formula in a
formula set formed by more than one of the following
formulas. For example, the formula set is {(3-1),(3-2)}, and
then h( ) is indicated through signaling to be one of the
formula (3-1) or the formula (3-2). Or the formula set is
{(3-1).(3-2).(3-3).(3-4)}, and then h( ) is indicated through
signaling to be one of the formula (3-1), the formula (3-2),
the formula (3-3), or the formula (3-4).

h( Mn)=l+n M (3-1)

Al M ngn)=l4n *M+B*n' M 3(3-2)
h(lo, Non)=lAn*N 3(3-3)
Al Nngn)=Ltn *N+B¥n ' *N 3-4b

Or when the sequence hopping is enabled, the sequence
number v=c(z,). z is obtained by using One of the following
formulas.

2y=ln M (3-1B)
2=l M+B*n M (3-2B)
2y=lon N (3-3B)
2y=lytn NEBH N (3-4B)

In the formula {(3-2), (3-4), (3-2B), (3-4B)}. B is the
number of slots included in one frame, n'=n, or n'=n,
mod(E). n, is the frame number of the frame in which the
reference signal is located, or may also be referred to as the
frame index. FIG. 6 is a schematic diagram of a frame
including 40 slots according to an embodiment. As shown in
FIG. 6, one frame corresponds to 10 ms, one frame includes
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40 slots, and then B is equal to 40. E is a predetermined
value. In an embodiment, E is an integer multiple of C.

1-0)

In the formula set {(3-1), (3-2), (3-1B), (3-2B)}, M is the
number of time domain symbols included in the time
domain symbol set that the SRS may occupy in a slot. As
shown in FIG. 2 to FIG. 5, the time domain symbols that
may be occupied by the SRS is the last six time domain
symbols of one slot, and the number of time domain symbols
occupied by one SRS resource in one slot belongs to {1, 2,
4}. Then, M=6. 1, is the relative index of the time domain
symbols occupied by the SRS resource among the preset M
time domain symbols. As shown in FIG. 2 to FIG. 5, 1, is the
relative index of the time domain symbol occupied by the
SRS resource among the last 6 time domain symbols in one
slot. As shown in FIG. 2, FIG. 2 is a schematic diagram of
a time domain symbol position occupied by an SRS
resourcel in a slot according to an embodiment. The SRS
resourcel occupies four time domain symbols {9,10,11,12}
in a slot, and correspondingly 1,={1,2,3,4}. As shown in
FIG. 3, the SRS resource2 occupies two time domain
symbols {11,12} in a slot, and the corresponding 1,={3,4}.
FIG. 4 is a schematic diagram of a time domain symbol
position occupied by an SRS resource 3 in a slot according
to an embodiment. As shown in FIG. 4, the SRS resource 3
occupies two time domain symbols {12,13} in a slot, and
correspondingly 1,={4,5}. FIG. 5 is a schematic diagram of
a time domain symbol position occupied by an SRS
resource4 in a slot according to an embodiment. As shown
in FIG. 5, the SRS resource4 occupies one time domain
symbol {12} in a slot, and correspondingly 1,={4}.

The above-mentioned symbol indexes 1; of the M time
domain symbols are numbered sequentially in chronological
order from front to back, that is, the index 1, of the foremost
time domain symbol among the M time domain symbols is
0. The embodiment does not exclude that the symbol
indexes 1, of the M time domain symbols are numbered
sequentially in chronological order from back to front, that
is, the index 1, of the backmost time domain symbol among
the M time domain symbols corresponds to 0. As shown in
FIG. 2 to FIG. 5, 1, is the relative index of the time domain
symbol occupied by the SRS resource among the last six
time domain symbols in a slot. As shown in FIG. 2, the SRS
resourcel occupies four time domain symbols {9,10,11,12}
in a slot, and correspondingly 1,={4,3,2,1}. As shown in
FIG. 3, the SRS resource2 occupies two time domain
symbols {11, 12} in a slot, and correspondingly 1,={2,1}. As
shown in FIG. 4, the SRS resource 3 occupies two time
domain symbols {12,13} in a slot, and correspondingly
1,={1,0}. As shown in FIG. 4, the SRS resource 3 occupies
one time domain symbol {12} in a slot, and correspondingly
L,={1}.

In the formula set {(3-3), (3-4), (3-3B), (3-4B)}, the
number of time domain symbols included in one slot is 14,
and then N=14. As shown in FIG. 2 to FIG. 5, the time
domain symbols that the SRS may occupy are the last six
time domain symbols in a slot, and the number of time
domain symbols occupied by an SRS resource in a slot
belongs to {1, 2, 4}. 1, is the index information of the time
domain symbol occupied by the SRS resource and included
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in the time domain symbol set in a slot. As shown in FIG.
2 to FIG. 5, 1, is the index information of the time domain
symbol occupied by the SRS resource in the set including 14
time domain symbols and included in one slot. As shown in
FIG. 2, the SRS resourcel occupies four time domain
symbols {9,10,11,12} in a slot, and correspondingly 1,={9,
10,11,12}. As shown in FIG. 3, the SRS resource2 occupies
two time domain symbols {11,12}, and correspondingly
1,={11,12}. As shown in FIG. 4, the SRS resource 3 occu-
pies two time domain symbols {12,13} in a slot, and
correspondingly 1,={12,13}. As shown in FIG. 5, the SRS
resourced occupies one time symbol {12} in a slot, and
correspondingly 1,={12}.

1, is the symbol index of the time domain symbol occu-
pied by the SRS among N time domain symbols included in
a slot and the symbol indexes are numbered sequentially in
chronological order from front to back, that is, 1, of the
starting time domain symbol among the N time domain
symbols in the slot is 0. The embodiment does not exclude
that the symbol indexes of the N time symbols included in
a slot are numbered sequentially in chronological order from
front to back, that is, 1, of the end time domain symbol
among the N time domain symbols in the slot corresponds
to 0. As shown in FIG. 2, the SRS resourcel occupies four
time domain symbols {9,10,11,12} in a slot, and corre-
spondingly 1,={4,3,2,1}. As shown in FIG. 3, the SRS
resource2 occupies two time domain symbols {11,12} in a
slot, and correspondingly 1,={2,1}. As shown in FIG. 4, the
SRS resource 3 occupies two time domain symbols {12,13}
in a slot, and correspondingly 1,={1,0}. As shown in FIG. 5,
the SRS resource 3 occupies one time domain symbol {12}
in a slot, and correspondingly 1,={1}.

In the embodiment, the terminal determines the SRS
reference signal according to the sequence group number,
and sends the reference signal via the SRS port.

The above is taking the reference signal sequence acqui-
sition of the uplink measurement reference signal as an
example. Similarly, this method may also be used for the
reference signal sequence of the uplink demodulation ref-
erence signal, or may also be used for the sequence group
number of the ZC sequence used for frequency domain
spreading of the uplink control channel. Details are not
described here again.

In the embodiment, although N and M are preset fixed
values, N and M are also called acquisition parameters or
input parameters of the function h( ).

In another embodiment, the base station may also allocate
information about N and/or M to the terminal.

Exemplary Embodiment Two

In the embodiment, a base station sends signaling infor-
mation. The signaling information includes selection infor-
mation for Q parameter sets. The terminal obtains a
sequence group number and/or a sequence number of a
reference signal according to a parameter set indicated by
the signaling information, and obtains the reference signal
according to the sequence group number and/or the
sequence number. The Q is a positive integer greater than or
equal to 1.

For example, Q parameter sets includes a first parameter
set and a second parameter set. The first parameter set at
least includes one of the following parameters: the number
L of time domain symbols occupied by the reference signal
in one time unit, index information of time domain symbols
occupied by the reference signal among the L. time domain
symbols, or a time unit index obtained according to a BWP
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in which the reference signal is located. When the reference
signal is a measurement reference signal, the number L of
time domain symbols occupied by the reference signal in
one time unit is the number L of time domain symbols
occupied by a measurement reference signal resource in one
time unit.

The second parameter set at least includes one of the
following parameters: the number N of time domain sym-
bols included in one time unit; a positive integer M; index
information of time domain symbols in which the reference
signal is located in one time unit; index information of the
time domain symbol in which the reference signal is located
among M preset time domain symbols; a frame number; the
number B of time units included in the frame; or a time unit
index obtained according to the BWP in which the reference
signal is located.

The parameter set at least includes one parameter.

As shown in FIG. 2 to FIG. 5, the number of time domain
symbols occupied by an SRS resource in a slot belongs to
{1, 2, 4}, and the time domain symbols that the SRS may
occupy is the last six time domain symbols in a slot.

If the sequence group number is obtained with the first

parameter set, the formula h (O of the sequence group num-
ber hopping (1-0) is as shown in the formula (4-1).

h(l,Ln)=lgtn *L ,(4-1)

And/or when the sequence number hopping is enabled,
the sequence number v=c(z, ) and z, is obtained by using the
following formula.

z=lgtn*L (4-1B)

L is the number of time domain symbols occupied by an
SRS resource in a slot, and 1, is the index information of the
time domain symbols occupied by the SRS resource among
the L time domain symbols occupied by the SRS resource in
the slot. As shown in FIG. 2, the SRS resourcel occupies
four time domain symbols {9,10,11,12} in a slot, and
correspondingly 1,={0,1,2,3} and L=4. As shown in FIG. 3,
the SRS resource2 occupies two time domain symbols
{11,12} in a slot, and correspondingly 1,={0,1} and L=2. As
shown in FIG. 4, the SRS resource 3 occupies two time
domain symbols {12,13} in a slot, and correspondingly
1,={0,1} and L=2. As shown in FIG. 5, the SRS resourced
occupies one time domain symbol {12} in a slot, and
correspondingly 1,.={0} and L=1.

If the sequence group number is obtained with the second
parameter set, the hopping formula h() of the sequence
group number is one of formulas (4-2) to (4-5).

h(l M n)=l+n*M; 4-2)
R, M, n)=l+n *M+B*n'*M; 4-3)
h(lo,Nn)=lytn*N; (4-4)
h(l,,N,n,, nf):22+ns *N+B*n ’f*N 4-5)

And/or when the sequence number hopping is enabled,
the sequence number v=c(z, ) and z, is obtained by using the
following formula.

7=l +n M (4-2B)
2, =l SMeBHn' M (4-3B)
2, =h+n N (4-4B)
2, =lptn SN+B*n' SN (4-5B)
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In the formula set {(4-3), (4-5), (4-3B), (4-5B)}, B is the
number of slots included in one frame, n'~n,or n'~nmod
(B). n, is the frame number of the frame in which the
reference signal is located, or may also be referred to as the
frame index. FIG. 6 is a schematic diagram of a frame
including 40 slots according to an embodiment. As shown in
FIG. 6, one frame corresponds to 10 ms, one frame includes
40 slots, and then B is equal to 40. E is a predetermined
value, and in an embodiment, E is an integer multiple of C.

In the formula set {(4-2), (4-3), (4-2B), (4-3B)}, M is the
number of time domain symbols included in the time
domain symbol set that the SRS may occupy in a slot. As
shown in FIG. 2 to FIG. 5, the SRS may occupy the last six
time domain symbols of a slot in the slot, and the number of
time domain symbols occupied by an SRS resource in the
slot belongs to {1, 2, 4}. That is, an SRS resource may
occupy {1, 2, 4} time domain symbols among the last six
time domain symbols in a slot, and then M=6. 1, is the
relative index of the time domain symbol occupied by the
SRS resource among the preset M time domain symbols. As
shown in FIG. 2 to FIG. 5, 1, is the relative index of the time
domain symbol occupied by the SRS resource among the
last 6 time domain symbols in one slot. As shown in FIG. 2,
the SRS resourcel occupies four time domain symbols
{9,10,11,12} in a slot, and correspondingly 1,={1,2,3,4}. As
shown in FIG. 3, the SRS resource2 occupies two time
domain symbols {11,12} in a slot, and correspondingly
1,={3,4}. As shown in FIG. 4, the SRS resource 3 occupies
two time domain symbols {12,13} in a slot, and correspond-
ingly 1,={4,5}. As shown in FIG. 5, the SRS resourced
occupies one time domain symbol {12} in a slot, and
correspondingly 1,={4}.

The above-mentioned symbol indexes 1, of the M time
domain symbols are numbered sequentially in chronological
order from front to back, that is, the index 1, of the foremost
time domain symbol among the M time domain symbols is
0. The embodiment does not exclude that the symbol
indexes 1, of the M time domain symbols are numbered
sequentially in chronological order from back to front, that
is, the index 1; of the backmost time domain symbol among
the M time domain symbols corresponds to 0. As shown in
FIG. 2 to FIG. 5, 1, is the relative index of the time domain
symbol occupied by the SRS resource among the last six
time domain symbols in a slot. As shown in FIG. 2, the SRS
resourcel occupies four time domain symbols {9,10,11,12}
in a slot, and correspondingly 1,={4,3,2,1}. As shown in
FIG. 3, the SRS resource2 occupies two time domain
symbols {11,12} in a slot, and correspondingly 1,={2,1}. As
shown in FIG. 4, the SRS resource 3 occupies two time
domain symbols {12,13} in a slot, and correspondingly
1,={1,0}. As shown in FIG. 5, the SRS resource 3 occupies
one time domain symbol {12} in a slot, and correspondingly
1,={1}.

In the formula set {(4-4),(4-5),(4-4B),(4-5B)}, the num-
ber of time domain symbols included in one slot is 14 and
then N=14, or the time domain symbols in a slot in which the
reference symbol is located is 14 and then N=14. As shown
in FIG. 2 to FIG. 5, the time domain symbols that the SRS
may occupy are the last six time domain symbols in a slot,
and the number of time domain symbols occupied by an SRS
resource in a slot belongs to {1, 2, 4}. 1, is the index
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information of the time domain symbol occupied by the SRS
resource and included in a set including N time domain
symbols and included in one slot. As shown in FIG. 2 to FIG.
5, 1, is the index information of the time domain symbol
occupied by the SRS resource in a set including 14 time
domain symbols and included in one slot. As shown in FIG.
2, the SRS resourcel occupies four time domain symbols
19,10,11,12} in a slot, and correspondingly 1,{9,10,11,12}.
As shown in FIG. 3, the SRS resource2 occupies two time
domain symbols {11,12} in a slot, and correspondingly
1,={11, 12}. As shown in FIG. 4, the SRS resource 3
occupies two time domain symbols {12,13} in a slot, and
correspondingly 1,={12,12}. As shown in FIG. 5, the SRS
resourced occupies one time domain symbol {12} in a slot,
and correspondingly 1,={12}.

1, is the symbol index of the time domain symbol occu-
pied by the SRS among N time domain symbols included in
a slot and the symbol indexes are numbered sequentially in
chronological order from front to back, that is, 1, of the
starting time domain symbol among the N time domain
symbols in the slot is 0. The embodiment does not exclude
that the symbol indexes 1, of the N time symbols included in
a slot are numbered sequentially in chronological order from
front to back, that is, 1, of the end time domain symbol
among the N time domain symbols in the slot corresponds
to 0. As shown in FIG. 2, the SRS resourcel occupies four
time domain symbols {9,10,11,12} in a slot, and corre-
spondingly 1,={4,3,2,1}. As shown in FIG. 3, the SRS
resource2 occupies two time domain symbols {11,12} in a
slot, and correspondingly 1,={2,1}. As shown in FIG. 4, the
SRS resource 3 occupies two time domain symbols {12,13}
in a slot, and correspondingly 1,={1,0}. As shown in FIG. 5,
the SRS resource 3 occupies one time domain symbol {12}
in a slot, and correspondingly 1,={1}.

In the embodiment, the base station may also send sig-
naling information to indicate a formula used for obtaining

h () of the sequence group number obtaining formula (1-0)
to the terminal. The formula includes at least formula (4-1)
and one in the formula set {(4-2) to (4-5)}.

Similarly, the base station may also send signaling infor-
mation to indicate a formula used for obtaining z, of the
sequence number hopping formula v=c(z,) to the terminal.
The formula includes at least formula (4-1B) and one in the
formula set {(4-2B) to (4-5B)}.

In another embodiment, Q parameter sets at least includes
a third parameter set and a fourth parameter set. The third
parameter set includes time domain symbol information, and
the fourth parameter set does not include the time domain
symbol information.

If the sequence group number is obtained with the fourth
parameter set, the h( ) of the sequence group number
obtaining formula is as shown in the formula (4-6).

hn)=n, +4-6)

Similarly, if the sequence number is obtained with the

fourth parameter set, z, of the sequence number v=c(z, ) is as
shown in the formula (4-6B).

z,=n,, (4-6B)

The base station may also notify through signaling a
formula, in the formula set, referred to for sequence number
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hopping, and the formula set may include any two or more
of the formulas (4-1) to (4-6).

Similarly, the base station may also notify through sig-
naling a formula, in the formula set, referred to for deter-
mining z, of the sequence number hopping v=c(z,), and the
formula set may include any two or more of the formulas
(4-1B) to (4-6B).

The parameter set in the embodiment may also be selected
from a plurality of parameter sets by using a rule agreed
between the base station and the terminal. Similarly, the
formula in the embodiment may also be selected from a
plurality of formulas by using a rule agreed between the base
station and the terminal.

u = (fgn(ns) + fis)mod 30

7
Jan(is) _‘[ZC(Sh()+i)*2i]mod 30 If grouping number hopping is disabled’

=0

10

20

subcarrier spacing corresponding to the BWP2. At time t, if
the BWP in which the reference signal is currently located
is the BWP1 as shown in FIG. 7, n=x, and if the BWP in
which the reference signal is currently located is the BWP2
as shown in FIG. 7, n.=2x or n =2x+1.

Exemplary Embodiment Six

In the embodiment, the manner of obtaining the parameter
of the sequence group number or the sequence number is
determined by signaling information or an agreed rule.

In an embodiment, the sequence group number u is
obtained according to formulas (6-1) and (6-2).

©-1)

0 If grouping number hopping is disabled (6-2)

where h(ls, Ns, ns) = Is + ns x Ns.

Exemplary Embodiment Three

In the embodiment, a sequence group number of an uplink
demodulation reference signal may also be obtained by
using the method described in the above-mentioned exem-
plary embodiment one and/or exemplary embodiment two.

Exemplary Embodiment Four

In the embodiment, a sequence group number of an uplink
control channel frequency domain spreading may also be
obtained by using the method described in the above-
mentioned exemplary embodiment one and/or exemplary
embodiment two.

For example, in the physical uplink control channel
(PUCCH) formats 1 and 2 in NR, uplink control information
is spread in the frequency domain by using ru)v(a’s)(n), and
the sequence group number u may also be obtained by using
the method described in the above-mentioned exemplary
embodiment one and/or exemplary embodiment two.

Exemplary Embodiment Five

In the embodiment, n, is the index information of the slot
in which the reference signal is located among B slots
included in one radio frame. Since the BWPs in which the
reference signal (such as the SRS) is located are different
and the subcarrier spacings corresponding to the BWPs are
different, the numbers of slots included in one frame corre-
sponding to different BWPs are different, that is, B is
different, and then n, is different. n, is obtained based on the
BWP in which the SRS is located.

FIG. 7 is a schematic diagram of different BWPs corre-
sponding to different slot serial numbers according to an
embodiment. As shown in FIG. 7, one slot in the BWP1
corresponds to two slots in the BWP2, so that n, in the
above-mentioned embodiment is the slot serial number
obtained according to the subcarrier spacing of the BWP in
which the reference signal is located. For example, a frame
is 10 ms, one frame including 20 slots is obtained according
to the subcarrier spacing corresponding to the BWP1, and
one frame including 40 slots is obtained according to the
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Or when the sequence number hopping is enabled, the
sequence number v=c(z,;). z,=ls+n,*Ns. The manner of
obtaining (15, N5) is determined by the signaling information
or the agreed rule, or the meaning of (15, Ny) is determined
by the signaling information or the agreed rule. The obtain-
ing manner includes at least two of the three manners.

Manner 1: (15, N5)=(l,, L) is the number of time domain
symbols occupied by an SRS resource in a slot. As shown in
FIG. 2, L=4, 15 is an index of the time domain symbol in
which the reference signal is located among the L time
domain symbols, and 0<1,<.-1. For example, 1, of the time
domain symbol 9 in which the reference signal is located in
FIG. 2 is 0.

Manner 2: (15, N5)=(1;,M). M is the number of time
domain symbols included in the time domain symbol set that
the SRS may occupy in a slot. As shown in FIG. 2, the SRS
of every user may occupy only {1, 2, 4} time domain
symbols of the last six time domain symbols in one slot, and
then M=6. 15 is the index of the time domain symbol in
which the reference signal is located among the M time
domain symbols, and 0<1,<M-1. For example, of of the time
domain symbol 9 in which the SRS is located in FIG. 2 is
1.

Manner 3: (5, N5)=(1,, N). N is the number of time
domain symbols included in in a slot in which the SRS
resource is located. As shown in FIG. 2, N=14, 15 is an index
of the time domain symbol in which the reference signal is
located among the L time domain symbols, and 0<l;<N-1.
For example, 15 of the time domain symbol 9 in which the
reference signal is located in FIG. 2 is 9.

Exemplary Embodiment 7

In the embodiment, a sequence number is obtained
according to at least one of following pieces of information:
the number N of time domain symbols included in a time
unit in which the reference signal is located; a positive
integer M; index information of time domain symbols in
which the reference signal is located among N time domain
symbols included in one time unit; index information of the
time domain symbol in which the reference signal is located
among M preset time domain symbols; a frame number of
a frame in which the reference signal is located; the number



US 11,463,220 B2

21

B of time units included in the frame in which the reference
signal is located; or a time unit index obtained according to
a subcarrier spacing of a BWP in which the reference signal
is located. The reference signal is obtained according to the
sequence number, and transmitted via the reference signal
port.

In an embodiment, the reference signal r, ,***'n, v is the
sequence number, and v is obtained by using the following
formula:

(0.8)

0  Sequence hopping is disabled

v { c(z1) Sequence hopping is enabled ’

c(z,) is the z,-th value of the Pseudo-random random
sequence. The initialization value of the Pseudo-random
random sequence is obtained by the agreed rule. The obtain-
ing formula of z, may be one of the following formulas:
7, =0 *N+l,; z,=n*M+l; z,=n *N+L+B*N*n'; z,=n M+
1;+B*M*n's or z,=n*L+l,.

1, is the index information of the time domain symbol in
which the reference signal is located in a preset set including
M time domain symbols, and 0<],<M. 1, is index informa-
tion of the time domain symbol in which the reference signal
is located among N time domain symbols included in one
time unit, 0<1,<N, and n'=n,or n'=nmod(E). nfis the frame
number of the frame in which the reference signal is located,
and E is a predetermined value. B is the number of time units
included in the frame in which the reference signal is
located. B is the number of slots included in the frame in
which the reference signal is located.

In the above-mentioned embodiment, the uplink reference
signal is taken as an example, and the present disclosure
does not exclude that the reference signal is a downlink
reference signal.

From the description of the embodiments described
above, it may be understood by those skilled in the art that
the method of any embodiment described above may be
implemented by means of software plus a general-purpose
hardware platform, or may be implemented by hardware.
Based on such understanding, the solution provided by the
present disclosure may be embodied in the form of a
software product. The computer software product is stored
in a non-transient storage medium (such as a read-only
memory (ROM), a random-access memory (RAM), a mag-
netic disk or an optical disk) and the storage medium
includes multiple instructions for enabling a terminal device
(which may be a mobile phone, a computer, a server, or a
network device) to perform the method described in any
embodiment of the present disclosure.

Embodiment Two

The embodiment further provides an apparatus for trans-
mitting a reference signal. The apparatus is configured to
implement the above-mentioned embodiments. What has
been described will not be repeated. As used below, the term
“module” may be software, hardware or a combination
thereof capable of implementing predetermined functions.
The apparatus described below in the embodiment may be
implemented by software, but implementation by hardware
or by a combination of software and hardware is also
possible and conceived.

Another embodiment of the present disclosure further
provides an apparatus for transmitting a reference signal.
The apparatus includes: a first obtaining module, a first
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determination module and a first transmission module. The
first obtaining module is configured to obtain a sequence
group number and/or a sequence number of a reference
signal according to at least one of following pieces of
information: the number N of time domain symbols included
in a time unit in which the reference signal is located; a
positive integer M; index information of time domain sym-
bols in which the reference signal is located among N time
domain symbols included in one time unit; index informa-
tion of the time domain symbol in which the reference signal
is located among M preset time domain symbols; a frame
number of a frame in which the reference signal is located;
the number B of time units included in the frame in which
the reference signal is located; or a time unit index obtained
according to a subcarrier spacing of a BWP in which the
reference signal is located. The first determination module is
configured to determine the reference signal according to the
sequence group number and/or the sequence number. The
first transmission module is configured to transmit the
reference signal. M satisfies the following condition: M is
less than or equal to N and is greater than or equal to A. A
is the maximum number of time domain symbols allowed to
be occupied by the reference signal in one time unit, or A is
the number of time domain symbols occupied by the refer-
ence signal in one time unit.

Another embodiment of the present disclosure further
provides an apparatus for transmitting a reference signal.
The apparatus includes: a performing module, which is
configured to perform, according to signaling information or
a pre-agreed rule, at least one of following operations:
selecting a parameter set from a plurality of parameter sets,
or selecting a formula from a plurality of formulas; a second
determination module, which is configured to determine,
according to the selected parameter set and/or the selected
formula, a sequence group number and/or a sequence num-
ber; a third determination module, which is configured to
determine the reference signal according to the sequence
group number and/or the sequence number; and a second
transmission module, which is configured to transmit the
reference signal.

Another embodiment of the present disclosure further
provides an apparatus for transmitting a reference signal.
The apparatus includes: a fourth determination module,
which is configured to determine, according to signaling
information or an agreed rule, a manner of obtaining a
parameter for generating a sequence group number and/or a
sequence number; a fifth determination module, which is
configured to determine the parameter according to the
obtaining manner; a first generation module, which is con-
figured to generate the sequence group number and/or the
sequence number according to the parameter; a sixth deter-
mination module, which is configured to determine the
reference signal according to the sequence group number
and/or the sequence number; and a third transmission mod-
ule, which is configured to transmit the reference signal.

In the embodiment, the modules of the apparatus in any
embodiment described above may perform the correspond-
ing method and steps in the embodiment one.

The plurality of modules described above may be imple-
mented by software or hardware. Implementation by hard-
ware may, but may not necessarily, be performed in the
following manner: the plurality of modules described above
are located in a same processor or located in their respective
processors in any combination form.

Embodiment Three

Another embodiment of the present disclosure further
provides a processor. The processor is configured to execute
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programs which, when executed, perform the method of any
one of the embodiments described above.

Embodiment Four

Another embodiment of the present disclosure further
provides a storage medium. The storage medium includes
stored programs which, when executed, perform the method
of any one of the embodiments described above.

Those skilled in the art should know that the above-
mentioned at least one module or at least one step of the
present disclosure may be implemented by a general-pur-
pose computing apparatus, and the above-mentioned at least
one module or at least one step may be concentrated on a
single computing apparatus or distributed on a network
composed of a plurality of computing apparatuses. In an
embodiment, the above-mentioned at least one module or at
least one step may be implemented by program codes
executable by the computing apparatuses, so that they may
be stored in a storage apparatus to be executed by the
computing apparatuses. In some circumstances, the illus-
trated or described steps may be executed in sequences
different from those described herein, or the above-men-
tioned at least one module or at least one step may be
separately made into at least one integrated circuit module,
or a plurality of modules or steps therein may be made into
a single integrated circuit module for implementation. In this
way, the present disclosure is not limited to any specific
combination of hardware and software.

What is claimed is:
1. A method for transmitting a reference signal, compris-
ing:
obtaining a sequence number v of the reference signal
with sequence hopping enabled, wherein the sequence
number v satisfies v=c(z;), wherein z; is obtained
according to the following formula:

z,=n N+,

wherein N is a number of time domain symbols com-
prised in a time unit in which the reference signal is
located,

1, is the index information of time domain symbols in
which the reference signal is located among the N time
domain symbols comprised in the time unit, O<l,<N,
and

n, is a time unit index obtained according to a subcarrier
spacing of a bandwidth part (BWP) in which the
reference signal is located, and

wherein c(z) is a z-th value in a sequence generated by a
random sequence function c(*), and 7 is a non-negative
integer;

determining the reference signal according to the
sequence number; and

transmitting the reference signal.

2. The method of claim 1, wherein the number of time
domain symbols occupied by a reference signal resource in
the time unit belongs to {1, 2, 4}.

3. The method of claim 1, wherein the reference signal
resource occupies four time domain symbols and 1,={9, 10,
11, 12} or {4, 3, 2, 1}.

4. The method of claim 1, wherein the reference signal
resource occupies two time domain symbols and 1,={11, 12}
or {2, 1}.

5. The method of claim 1, wherein the reference signal
resource occupies two time domain symbols and 1,={12, 13}
or {1, 0}.
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6. The method of claim 1, wherein the reference signal
resource occupies one time domain symbol and 1,={12} or
{1}.

7. The method of claim 1, wherein N is determined
according to one of the following:

N is carried in a signaling information;

N is pre-agreed; or

N is the number of time domain symbols comprised in a

slot in which the reference signal is located.

8. An apparatus for transmitting a reference signal, com-
prising:

at least one processor configured to implement:

an obtaining module, which is configured to obtain a
sequence number v of the reference signal with
sequence hopping enabled,

wherein the sequence number v satisfies v=c(z, ), and z,
is obtained according to the following formula:

z,=n N+,

wherein N is a number of time domain symbols com-
prised in a time unit in which the reference signal is
located,

1, is the index information of time domain symbols in
which the reference signal is located among the N
time domain symbols comprised in the time unit,
0<1,<N, and

n, is a time unit index obtained according to a subcar-
rier spacing of a bandwidth part (BWP) in which the
reference signal is located, and

wherein c(z) is a z-th value in a sequence generated by
a random sequence function c(*), and 7 is a nonnega-
tive integer;

a determination module, which is configured to deter-
mine the reference signal according to the sequence
number; and

a transmission module, which is configured to transmit
the reference signal.

9. The apparatus of claim 8, wherein the number of time
domain symbols occupied by a reference signal resource in
the time unit belongs to {1, 2, 4}.

10. The apparatus of claim 9, wherein the reference signal
resource occupies four time domain symbols and 1,={9, 10,
11, 12} or {4, 3, 2, 1}.

11. The apparatus of claim 9, wherein the reference signal
resource occupies two time domain symbols and 1,={11, 12}
or {2, 1}.

12. The apparatus of claim 9, wherein the reference signal
resource occupies two time domain symbols and 1,={12, 13}
or {1, 0}.

13. The apparatus of claim 9, wherein the reference signal
resource occupies one time domain symbol and 1,={12} or
{1}.

14. The apparatus of claim 8, wherein N is determined
according to one of the following:

N is carried in a signaling information;

N is pre-agreed;

N is the number of time domain symbols comprised in a

slot in which the reference signal is located; or

N is the number of time domain symbols comprised in a
subframe in which the reference signal is located.

15. An apparatus for receiving a reference signal, com-

prising:

a reception module, which is configured to receive a
reference signal, wherein the reference signal has been
determined according to a sequence number v of the
reference signal with sequence hopping enabled,
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wherein the sequence number v satisfies v=c(z, ), and z,
is obtained according to the following formula:

z,=n N+,

wherein N is a number of time domain symbols com-
prised in a time unit in which the reference signal is
located,

1, is the index information of time domain symbols in
which the reference signal is located among the N time
domain symbols comprised in the time unit, O<l,<N,
and

n, is a time unit index obtained according to a subcarrier
spacing of a bandwidth part (BWP) in which the
reference signal is located, and

wherein c(z) is a z-th value in a sequence generated by a
random sequence function c(*), and z is a nonnegative
integer.

16. The apparatus of claim 15, wherein the number of
time domain symbols occupied by a reference signal
resource in the time unit belongs to {1, 2, 4}.

17. The apparatus of claim 16, wherein the reference
signal resource occupies four time domain symbols and
1,={9, 10, 11, 12} or {4, 3, 2, 1}.

18. The apparatus of claim 16, wherein the reference
signal resource occupies two time domain symbols and
L,={11, 12} or {2, 1}.

19. The apparatus of claim 16, wherein the reference
signal resource occupies two time domain symbols and
1,={12, 13} or {1, 0}.

20. The apparatus of claim 16, wherein the reference
signal resource occupies one time domain symbol and
L,={12} or {1}.

21. The apparatus of claim 15, wherein N is determined
according to one of the following:

N is carried in a signaling information;

N is pre-agreed; or

N is the number of time domain symbols comprised in a
slot in which the reference signal is located.

22. A method for receiving a reference signal, comprising:

receiving a reference signal, wherein the reference signal
has been determined according to a sequence number v
of the reference signal with sequence hopping enabled,
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wherein the sequence number v satisfies v=c(z,), and z,
is obtained according to the following formula:

—y, %
z,=n*N+l,

wherein N is a number of time domain symbols com-
prised in a time unit in which the reference signal is
located,

1, is the index information of time domain symbols in
which the reference signal is located among the N time
domain symbols comprised in the time unit, O<l,<N,
and

n, is a time unit index obtained according to a subcarrier
spacing of a bandwidth part (BWP) in which the
reference signal is located, and

wherein ¢(z) is a z-th value in a sequence generated by a
random sequence function c(*), and z is a nonnegative
integer.

23. The apparatus of claim 22, wherein the number of
time domain symbols occupied by a reference signal
resource in the time unit belongs to {1 2, 4}.

24. The apparatus of claim 23, wherein the reference
signal resource occupies four time domain symbols and
1,={9, 10, 11, 12} or {4, 3, 2, 1}.

25. The apparatus of claim 23, wherein the reference
signal resource occupies two time domain symbols and
L,={11, 12} or {2, 1}.

26. The apparatus of claim 23, wherein the reference
signal resource occupies two time domain symbols and
1,={12, 13} or {1, 0}.

27. The apparatus of claim 23, wherein the reference
signal resource occupies one time domain symbol and
1L,={12} or {1}.

28. The apparatus of claim 22, wherein N is determined
according to one of the following:

N is carried in a signaling information;

N is pre-agreed; or

N is the number of time domain symbols comprised in a
slot in which the reference signal is located.

#* #* #* #* #*



